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(567) Disclosed is a method for converting an HDR
image into an SDR image. The method includes the fol-
lowing operations: acquiring, by a television terminal, in-
put HDR image data, and processing, by the television
terminal, the acquired HDR image data through a first
normalization; linearizing, by the television terminal, the
HDR image data processed through the first normaliza-
tion; processing, by the television terminal, the linearized
HDR image data through a second normalization; and
converting, by the television terminal, the HDR image
data processed through the second normalization into
SDR image data with a supported format. The present
disclosure further provides a television terminal and a
computer readable storage medium. The present disclo-
sure effectively avoids the technical problem of a poor
image display effect caused by that the non-HDR receiv-
ers cannot show the HDR effect. The present disclosure
enables non-HDR receivers to show the HDR effect and
improves the image display effect.
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Description
TECHNICAL FIELD

[0001] The present disclosure relates to the technical
field of electronic devices, and in particular, to a television
terminal, a method for converting an HDR image into an
SDR image and a computer readable storage medium.

BACKGROUND

[0002] High-Dynamic Range (HDR) TV technology,
such as HDR10, Dolby Vison, HLG, etc., refers to a com-
plete setof processing technologies including filming, ed-
iting, and post-processing, transmitting, receiving, and
displaying.

[0003] The aforementioned HDR technologies all
adopt BT2020 color space, for significantly expanding
the color gamut range. HDR10 uses Perceptual Quan-
tizer (PQ) with a bit depth of 10-bits developed by the
SMPTE ST 2084, and SMTPE ST2086 static metadata.
Dolby Vision uses PQ with a bit depth of 12-bits devel-
oped by the SMPTE ST 2084. HLG uses Hybrid Log-
Gamma (HLG) with a bit depth of 10bits.

[0004] Standard-Dynamic Range (SDR)technology or
Low-Dynamic Range (LDR) technology which is widely
used in television broadcasting systems, is correspond-
ing with HDR technology. SDR adopts BT709 (High Def-
inition) or BT601 (Standard Definition) color space, and
uses 8-bit BT1886 (Gamma). The dynamic range of color
or luminance of SDR is much smaller than that of HDR.
[0005] Nowadays, none of the above HDR technolo-
gies are compatible with SDR contents. The TV broad-
cast receiver which cannot receive HDR contents is not
be able to reproduce the HDR effect and the SDR effect.
That is, the HDR contents displayed on non-HDR TVs
present a pale effect and lose the contrast. Only the con-
tent made on the basis of HDR can be displayed on the
TV designed on the basis of HDR with the high dynamic
feature of HDR. Therefore, the current non-HDR receiver
cannot show the HDR effect, resulting in a poor image
display effect.

[0006] The above contents are only used to assist in
understanding the technical solutions of the present dis-
closure, and do not constitute the prior arts.

SUMMARY

[0007] The main objective of the present disclosure is
to provide a television terminal, a method for converting
an HDR image into an SDR image and a computer read-
able storage medium, aiming at solving the problem of a
poor image display effect which is caused by that non-
HDR receiver cannot show the HDR effect.

[0008] In order to achieve the above objective, the
present disclosure provides a method for converting an
HDR image into an SDR image, the method includes the
following operations:
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[0009] acquiring, by a television terminal, input HDR
image data, and processing, by the television terminal,
the acquired HDR image data through a first normaliza-
tion;

[0010] linearizing, by the television terminal, the HDR
image data processed through the first normalization;

processing, by the television terminal, the linearized
HDR image data through a second normalization;
and

converting, by the television terminal, the HDR im-
age data processed through the second normaliza-
tion into SDR image data with a supported format.

[0011] Preferably, the operation of "processing, by the
television terminal, the acquired HDR image data through
a first normalization" includes:

determining, by the television terminal, a maximum
coded value in the acquired HDR image data; and
processing, by the television terminal, all coded val-
ues in the acquired HDR image data through the first
normalization and the maximum coded value, a val-
ue of the HDR image data processed through the
first normalization has a range of [0, 1], an equation
for the first normalization is:

N=S,pr/(2"-1), N is the value of the HDR image
data processed through the first normalization,
n is a bit depth of an image data signal, and
Shpr is an input HDR signal quantization coded
by PQ.

[0012] Preferably, the operation of "linearizing, by the
television terminal, the HDR image data processed
through the first normalization" includes

restoring, by the television terminal, the HDR image data
processed through the first normalization to linear data
before being coded, an equation for the restoring oper-
ation is:

L=(max[(N1/m2)-c1, 0]/(c2-c3N1/m2))1/m1 ¢c1, ¢2, c3, m1
and m2 are constants.

[0013] Preferably, the operation of "converting, by the
television terminal, the HDR image data processed
through the second normalization into SDR image data
with a supported format" includes:

acquiring, by the television terminal, a peak lumi-
nance value of a display; and

converting, by the television terminal, the HDR im-
age data processed through the second normaliza-
tion into the SDR image data with a format supported
by the display based on the peak luminance value
of the display, an equation for the second normali-
zation is:

Ln=L/cy, ¢y, is @ coded value of maximum lumi-
nance of the signal, and L is the linear data be-
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fore being coded.

[0014] Preferably, the second normalization is config-
ured to normalize the coded value of maximum lumi-
nance of the signal, for normalizing the obtained value
in a range of 0 to 1, and a minimum value is 0 and a
maximum value is 1.

[0015] Preferably, the method further includes:

converting linear data in an HDR format into linear
data in an SDR format based on a maximum peak
luminance value of the display, and outputting SDR
signal data, an equation for the converting operation
is:

Sgpr=(2M-1)*M*L¥/2, y=1 +alog10(Y,/1000), Y,
is the peak luminance value of the display
(cd/m?2), a is a constant, m is a bit depth of an
SDR signal, usually the SDR signal is 8 bits, i.e.,
m = 8, and M has a range of 0 to 1 which is
presented as an adjusting curve.

[0016] Preferably, after the operation of "converting,
by the television terminal, the HDR image data processed
through the second normalization into SDR image data
with a supported format", the method further includes:
[0017] outputting, by the television terminal, the con-
verted SDR image data based on the format supported
by the display.

[0018] In addition, in order to achieve the above objec-
tive, the present disclosure further provides a television
terminal, the television terminal includes a memory, a
processor, a program for converting an HDR image into
an SDR image stored on the memory and executable on
the processor, the program, when executed by the proc-
essor, implements the following operations:

acquiring input HDR image data, and processing the
acquired HDR image data through a first normaliza-
tion;

linearizing the HDR image data processed through
the first normalization;

processing the linearized HDR image data through
a second normalization; and

converting the HDR image data processed through
the second normalization into SDR image data with
a supported format.

[0019] Preferably, the program, when executed by the
processor, implements the following operations:

determining a maximum coded value in the acquired
HDR image data; and

processing all coded values in the acquired HDR im-
age data through the first normalization and the max-
imum coded value, a value of the HDR image data
processed through the first normalization has a
range of [0, 1], an equation for the first normalization

15

25

30

35

40

45

50

55

is:

N=S,pr/(2"-1), N is the value of the HDR image
data processed through the first normalization,
n is a bit depth of an image data signal, and
SHpr is an input HDR signal quantization coded
by PQ.

[0020] Preferably, the program, when executed by the
processor, implements the following operations:

restoring the HDR image data processed through
thefirstnormalization to linear data before being cod-
ed, an equation for the restoring operation is:

L=(max[(CN1/m2)-c1, 0)/(c2-c3N1/m2))1/m1 ¢1,
c2, c3, m1 and m2 are constants.

[0021] Preferably, the program, when executed by the
processor, implements the following operations:

acquiring a peak luminance value of a display; and
converting the HDR image data processed through
the second normalization into the SDR image data
with a format supported by the display based on the
peak luminance value of the display, an equation for
the second normalization is:

Ly=L/c, ¢, is a coded value of maximum lumi-
nance of the signal, and L is the linear data be-
fore being coded.

[0022] Preferably, the second normalization is config-
ured to normalize the coded value of maximum lumi-
nance of the signal, for normalizing the obtained value
in a range of 0 to 1, and a minimum value is 0 and a
maximum value is 1.

[0023] Preferably, the program, when executed by the
processor, implements the following operations:

converting linear data in an HDR format into linear
data in an SDR format based on a maximum peak
luminance value of the display, and outputting SDR
signal data, an equation for the converting operation
is:

Sgpr=(2M-1)*M*L¥2, y=1 +aLog10(Yp/1000), Yp
is the peak luminance value of the display
(cd/m2), a is a constant, m is a bit depth of an
SDR signal, usually the SDR signal is 8 bits, i.e.,
m = 8, and M has a range of 0 to 1 which is
presented as an adjusting curve.

[0024] Preferably, the program, when executed by the
processor, implements the following operations:

outputting the converted SDR image data based on
the format supported by the display.
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Besides, in order to achieve the above objective, the
present disclosure further provides a computer read-
able storage medium, the computer readable stor-
age medium stores a program for convertingan HDR
image into an SDR image, the program, when exe-
cuted by a processor, implements operations of a
method for converting the HDR image into the SDR
image.

[0025] In the solution of the present disclosure, the
HDR input signal is converted into the SDR signal by
normalizing, linearizing, normalizing, and converting the
input HDR image data, such that the HDR image data
can be displayed on the non-HDR television terminal,
such as an SDR television terminal, with a better display
effect. The technical problem of a poor image display
effect which is caused by that non-HDR receiver cannot
show the HDR effect is solved. The non-HDR receiver
of the present disclosure can show the HDR effect and
improve the image display effect.

BRIEF DESCRIPTION OF THE DRAWINGS
[0026]

FIG. 1 is a schematic structural diagram of a termi-
nal/device in a hardware operating environment ac-
cording to an embodiment of the present disclosure;
FIG. 2 is a schematic flowchart of a method for con-
verting an HDR image into an SDR image according
to an embodiment of the present disclosure;

FIG. 3 is a schematic flowchart of processing, by the
television terminal, the acquired HDR image data
through a first normalization according to an embod-
iment of the present disclosure;

FIG. 4 is a schematic flowchart of converting, by the
television terminal, the HDR image data processed
through the second normalization into SDR image
data with a supported format according to an em-
bodiment of the present disclosure;

FIG. 5 is a schematic frame diagram of converting
the HDR image data into the SDR image data ac-
cording to an embodiment of the present disclosure;
and

FIG. 6is a schematic flowchartof convertingthe HDR
image data into the SDR image data according to an
embodiment of the present disclosure.

The realization of the objective, functional charac-
teristics, advantages of the present disclosure are
further described with reference to the accompany-
ing drawings.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0027] It should be understood that the specific em-
bodiments described herein are merely illustrative of the
disclosure and are not intended to limit the disclosure.

[0028] The main solution of the embodiment of the
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presentdisclosure includes: acquiring, by a television ter-
minal, input HDR image data, and processing, by the
television terminal, the acquired HDR image data through
a first normalization; linearizing, by the television termi-
nal, the HDR image data processed through the first nor-
malization; processing, by the television terminal, the lin-
earized HDR image data through a second normaliza-
tion; and converting, by the television terminal, the HDR
image data processed through the second normalization
into SDR image data with a supported format.

[0029] As to the technical problem of a poor image dis-
play effect which is caused by that non-HDR receiver
cannotshow the HDR effect, in the solution of the present
disclosure, the HDR input signal is converted into the
SDR signal by normalizing, linearizing, normalizing, and
converting the input HDR image data, so that the HDR
image data can be displayed on the non-HDR television
terminal, such as an SDR television terminal, with a better
display effect. The technical problem of a poor image
display effect which is caused by that non-HDR receiver
cannot show the HDR effect is solved. The non-HDR
receiver of the present disclosure can show the HDR
effect and improve the image display effect.

[0030] AsshowninFIG. 1, FIG. 1is a schematic struc-
tural diagram of a terminal in a hardware operating en-
vironment according to an embodiment of the present
disclosure.

[0031] In embodiments of the present disclosure, the
television terminal is configured to convert the HDR im-
age data into the SDR image data, and implement com-
patible playback, such that other signal source image
data can be displayed on each of the terminals with the
best display effect.

[0032] As showninFIG. 1, the television terminal may
include a processor 1001, such as a CPU, a network
interface 1004, a user interface 1003, a memory 1005,
and a communication bus 1002. The communication bus
1002 is configured to implement the connection commu-
nication between these components. The user interface
1003 may include a display, an input unit such as a key-
board, optionally, the user interface 1003 may also in-
clude a standard wired interface, a wireless interface
(such as a WI-FI interface). Optionally, the network in-
terface 1004 may include a standard wired interface, a
wireless interface (such as a WI-Fl interface). The mem-
ory 1005 may be a high speed RAM memory or a non-
volatile memory such as a disk memory. Optionally, the
memory 1005 may also be a storage device independent
of the foregoing processor 1001.

[0033] Optionally, the terminal may further include a
camera, a Radio Frequency (RF) circuitry, a sensor, an
audio circuitry, a WiFi module, etc. The sensor may in-
clude a light sensor, a motion sensor, and the like. Spe-
cifically, the light sensor may include an ambient light
sensor and a proximity sensor. The ambient light sensor
may adjust the brightness of the display screen according
to the brightness of ambient light, and the proximity sen-
sor may turn off the display screen and/or backlight when
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the mobile terminal moves to the ear. The gravity accel-
eration sensor, which is regarded as a kind of motion
sensor, can detect the magnitudes of accelerations in all
directions (generally including X axis, Y axis, and Z axis).
The gravity acceleration sensor can also detect the mag-
nitude and direction of gravity when the terminal is still.
As such the gravity acceleration sensor can be applied
to application for identifying attitude of mobile terminal
(such as an application for switching the screen between
horizontal orientation and vertical orientation, an appli-
cation related to game, an application for calibrating at-
titude of magnetometer), can also be applied to applica-
tion for identifying vibration (such as pedometer, tap-
ping), etc. Of course, the mobile terminal can also be
equipped with a gyroscope, a barometer, a hygrometer,
a thermometer, an infrared sensor, and the like, which is
not described repeatedly herein.

[0034] Those skilled in the art can understand that the
structure as shown in FIG. 1 does not constitute a limi-
tation on the terminal, and the terminal may include more
or fewer components than shown, or a combination of
some components, or different components.

[0035] AsshowninFIG. 1,the memory 1005 as acom-
puter storage medium may include an operating system,
a network communication module, a user interface mod-
ule, and an application program for converting an HDR
image into an SDR image.

[0036] In the terminal shown in FIG. 1, the network
interface 1004 is mainly configured to connect with the
background server and perform data communication with
the background server; the user interface 1003 is mainly
configured to connect with a client (user end) and perform
data communication with the client; the processor 1001
may call the application program for converting the HDR
image into the SDR image stored on the memory 1005,
and perform the following operations:

acquiring input HDR image data, and processing the
acquired HDR image data through a first normaliza-
tion;

linearizing the HDR image data processed through
the first normalization;

processing the linearized HDR image data through
a second normalization; and

converting the HDR image data processed through
the second normalization into SDR image data with
a supported format.

[0037] Further, the processor 1001 may call the appli-
cation program for converting the HDR image into the
SDR image stored on the memory 1005, and perform the
following operations:

determining a maximum coded value in the acquired
HDR image data; and

processing all coded values in the acquired HDR im-
age data through the first normalization and the max-
imum coded value, a value of the HDR image data
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processed through the first normalization has a
range of [0, 1], an equation for the first normalization
is:

N=Spr/(2"-1), Nis the value of the HDR image
data processed through the first normalization,
n is a bit depth of an image data signal, and
Shpr is an input HDR signal quantization coded
by PQ.

[0038] Further, the processor 1001 may call the appli-
cation program for converting the HDR image into the
SDR image stored on the memory 1005, and perform the
following operations:

restoring the HDR image data processed through
thefirstnormalization to linear data before being cod-
ed, an equation for the restoring operation is:

L=(max[(N/m2)-c1, 0}/(c2-c3N1/m2))1/m1 ¢1,
c2, c3, m1 and m2 are constants.

[0039] Further, the processor 1001 may call the appli-
cation program for converting the HDR image into the
SDR image stored on the memory 1005, and perform the
following operations:

acquiring a peak luminance value of a display; and
converting the HDR image data processed through
the second normalization into the SDR image data
with a format supported by the display based on the
peak luminance value of the display, an equation for
the second normalization is:

Ly=L/c,, ¢, is a coded value of maximum lumi-
nance of the signal, and L is the linear data be-
fore being coded.

[0040] Further, the processor 1001 may call the appli-
cation program for converting the HDR image into the
SDR image stored on the memory 1005, and perform the
following operations:

outputting the converted SDR image data based on
the format supported by the display.

[0041] Referring to FIG. 2, a first embodiment of the
present disclosure provides a method for converting an
HDR image into an SDR image, which includes the fol-
lowing operations:

[0042] Step S10, acquiring, by a television terminal,
input HDR image data, and processing, by the television
terminal, the acquired HDR image data through a first
normalization;

[0043] Inanembodiment of the present disclosure, the
television terminal is a non-HDR television, for example,
an SDR television, which cannot directly play image data
in an HDR format. The television terminal receives the
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input image data signal which is an HDR signal. A value
of the HDR image input data which is quantization coded
by PQ has a range of 0 to (2"-1). The acquired HDR
image data is processed through a first normalization,
i.e., the quantization coded HDR image input data is proc-
essed through the first normalization.

[0044] Specifically, referring to FIG. 3, the operation of
"processing, by the television terminal, the acquired HDR
image data through a first normalization" includes the
following operations:

[0045] Step S11, determining, by the television termi-
nal, a maximum coded value in the acquired HDR image
data; step S12, processing, by the television terminal, all
coded values in the acquired HDR image data through
the first normalization and the maximum coded value, a
value of the HDR image data processed through the first
normalization has a range of [0, 1]. After normalizing the
maximum coded value (2"-1), the HDR image data N
processed through the first normalization is obtained. An
equation for the first normalization is: N=Sypr/(2"-1), n
is a bit depth of the HDR image data signal, usually the
HDR signal is 10 bits or 12 bits, i.e., n=10 or 12, and
Sipr is an input HDR signal quantization coded by PQ.
The raw HDR data has a range of 0 to 1023 (n=10) which
can be normalized to 0 to 1.

[0046] Step S20, linearizing, by the television terminal,
the HDR image data processed through the first normal-
ization;

[0047] Afternormalizingthe acquired HDR image data,
the television terminal linearizes the HDR image data
processed through the first normalization. The lineariza-
tion process is to restore linear data of the HDR signal
before being coded by PQ, and the television terminal
restores the HDR image data processed through the first
normalization to the linear data before being coded. An
equation for the restoring operation through SMTPE
ST2084 is: L=(max[(N'/m2)-c1, 0])/(c2-c3N1/m2))1/m1,
c1, c2, c3, m1 and m2 are constants.

[0048] Step S30, processing, by the television termi-
nal, the linearized HDR image data through a second
normalization;

[0049] After linearizing the HDR image data, the tele-
vision terminal processes the linearized HDR image data
through the second normalization, the second normali-
zation is to further normalize a coded value of maximum
luminance of the signal, for ensuring the obtained value
in a range of 0 to 1, and a minimum value is 0 and a
maximum value is 1. An equation for the second normal-
ization is: Ly=L/c, ¢, is the coded value of maximum
luminance of the signal, the information of the coded val-
ue is derived from the metadata of the HDR signal.
[0050] Step S40, converting, by the television terminal,
the HDR image data processed through the second nor-
malization into SDR image data with a supported format.
[0051] The supportedformatis anon-HDR formatsuch
as an SDR format. The television terminal can play an
image data having a signal source of HDR by converting
the HDR format into the SDR format. Specifically, refer-
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ring to FIG. 4, the operation of "converting, by the tele-
vision terminal, the HDR image data processed through
the second normalization into SDR image data with a
supported format" includes the following operations:
[0052] Step S41, acquiring, by the television terminal,
a peak luminance value of a display;

[0053] Step S42, converting, by the television terminal,
the HDR image data processed through the second nor-
malization into the SDR image data with a format sup-
ported by the display based on the peak luminance value
of the display.

[0054] Format conversion is to convert linear data in
an HDR format into linear data in an SDR format based
on the display capability (maximum peak luminance) of
the display, and SDR signal data (which has a range of
0to 255 when the bitdepth is 8 bits) is output. An equation
for the converting operation is:

[0055] Sgpr=(2M-1)*M*LY2, y=1+alog10(Y,/1000),
Yp is the peak luminance value of the display (cd/m2), a
is a constant, mis a bit depth of SDR signal, usually SDR
signal is 8 bits, i.e., m = 8, and M has a range of 0 to 1
which is presented as an adjusting curve, the curve is a
readjustment of linear signal, and is also a customized
adjustment of SDR signal. This process is to re-MAP-
PING the raw linear data. It can be seen that, different
displays have different display capabilities and different
maximum peak luminance values. After the HDR signal
is processed through the above process, the data Sgpr
obtained from different display screens is not the same,
such that the different display screens can all show the
best SDR display effect.

[0056] In the television terminal of the present embod-
iment, the HDR input signal is converted into the SDR
signal by normalizing, linearizing, normalizing, and con-
verting the input HDR image data, such that the HDR
image data can be displayed on the non-HDR television
terminal, such as an SDR television terminal, with a better
display effect. The technical problem of a poor image
display effect which is caused by that non-HDR receiver
cannot show the HDR effect is solved. The non-HDR
receiver of the present disclosure can show the HDR
effect and improve the image display effect.

[0057] Further, for a better description of the embodi-
ments of the present disclosure, referring to FIG. 5 and
FIG. 6, the method for converting the HDR image into
the SDR image of the present embodiment includes the
following operations, for ensuring that the non-HDR re-
ceiver can display the HDR signal: processing normali-
zation AoninputHDR data S, p to obtain the normalized
data N; processing linearization on N to obtain the line-
arized data L; processing normalization B on the linear-
ized data L and a maximum coded value of signal to
obtain data Ly; and adjusting Ly through HDR2SDR and
outputting Sgpg signal.

[0058] In an embodiment, the present disclosure fur-
ther provides a television terminal, the television terminal
includes a memory, a processor, a program for convert-
ingan HDR image into an SDR image stored onthe mem-
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ory and executable on the processor, the program, when
executed by the processor, implements the following op-
erations:

acquiring input HDR image data, and processing the
acquired HDR image data through a first normaliza-
tion;

[0059] Inanembodimentofthe present disclosure, the
television terminal is a non-HDR television, for example,
an SDR television, which cannot directly play image data
in an HDR format. The television terminal receives the
input image data signal which is an HDR signal. A value
of the HDR image input data which is quantization coded
by PQ has a range of 0 to (2"-1). The acquired HDR
image data is processed through a first normalization,
i.e., the quantization coded HDR image input data is proc-
essed through the first normalization.

[0060] Specifically, the operation of "processing the
acquired HDR image data through a first normalization"
includes the following operations:

determining a maximum coded value in the acquired
HDR image data; processing, by the television ter-
minal, all coded values in the acquired HDR image
data through the first normalization and the maxi-
mum coded value, a value of the HDR image data
processed through the first normalization has a
range of [0, 1]. After normalizing the maximum coded
value (2"-1), the HDR image data N processed
through the first normalization is obtained. An equa-
tion for the first normalization is: N=Sypr/(2"-1), nis
a bit depth of the HDR image data signal, usually the
HDR signal is 10 bits or 12 bits, i.e., n=10 or 12, and
ShHpr is an input HDR signal quantization coded by
PQ. The raw HDR data has a range of 0 to 1023
(n=10) which can be normalized to 0 to 1.
linearizing the HDR image data processed through
the first normalization;

[0061] Afternormalizingthe acquired HDR image data,
the television terminal linearizes the HDR image data
processed through the first normalization. The lineariza-
tion process is to restore linear data of the HDR signal
before being coded by PQ, and the television terminal
restores the HDR image data processed through the first
normalization to the linear data before being coded. An
equation for the restoring operation through SMTPE
ST2084 is: L=(max[(N'/m2)-c1, 0])/(c2-c3N1/m2))1/m1,
c1, c2, c3, m1 and m2 are constants.

processing the linearized HDR image data through a sec-
ond normalization;

[0062] After linearizing the HDR image data, the tele-
vision terminal processes the linearized HDR image data
through a second normalization, the second normaliza-
tion is to further normalize a coded value of maximum
luminance of the signal, for ensuring the obtained value
in a range of 0 to 1, and a minimum value is 0 and a
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maximum value is 1. An equation for the second normal-
ization is: Ly=L/cy,, ¢, is the coded value of maximum
luminance of the signal, the information of the coded val-
ue is derived from the metadata of the HDR signal.
converting, by the television terminal, the HDR image
data processed through the second normalization into
SDR image data with a supported format.

[0063] The supported formatisanon-HDR formatsuch
as an SDR format. The television terminal can play an
image data having a signal source of HDR by converting
the HDR format into the SDR format.

[0064] Specifically, the operation of "converting the
HDR image data processed through the second normal-
ization into SDR image data with a supported format"
includes the following operations:

acquiring a peak luminance value of a display;
converting the HDR image data processed through
the second normalization into the SDR image data
with a format supported by the display based on the
peak luminance value of the display.

[0065] Format conversion is to convert linear data in
an HDR format into linear data in an SDR format based
on the display capability (maximum peak luminance) of
the display, and SDR signal data (which has a range of
0to 255 when the bitdepth is 8 bits) is output. An equation
for the converting operation is:

Sgpr=(2M-1)*M*LY¥/2, y=1+aLog10(Y,/1000), Y, is
the peak luminance value of the display (cd/m2), a
is a constant, m is a bit depth of an SDR signal, usu-
ally the SDR signal is 8 bits, i.e., m = 8, and M has
arange of 0 to 1 which is presented as an adjusting
curve, the curve is a readjustment of linear signal,
and is also a customized adjustment of SDR signal.
This process is to re-MAPPING the raw linear data.
It can be seen that, different displays have different
display capabilities and different maximum peak lu-
minance values. After the HDR signal is processed
through the above process, the data Sgp obtained
from different display screens is not the same, such
that the different display screens can all show the
best SDR display effect.

[0066] In the present embodiment, the HDR input sig-
nal is converted into the SDR signal by normalizing, lin-
earizing, normalizing, and converting the input HDR im-
age data, such that the HDR image data can be displayed
on the non-HDR television terminal, such as an SDR tel-
evision terminal, with a better display effect. The techni-
cal problem of a poor image display effect which is
caused by that non-HDR receiver cannot show the HDR
effect is solved. The non-HDR receiver of the present
disclosure can show the HDR effect and improve the im-
age display effect.

[0067] Besides,the presentdisclosure furtherprovides
a computer readable storage medium, the computer
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readable storage medium stores a program for convert-
ingan HDR image into an SDR image, the program, when
executed by a processor, implements the following op-
erations:

acquiring input HDR image data, and processing the
acquired HDR image data through a first normaliza-
tion;

linearizing the HDR image data processed through
the first normalization;

processing the linearized HDR image data through
a second normalization; and

converting the HDR image data processed through
the second normalization into SDR image data with
a supported format.

[0068] Further, the program, when executed by the
processor, implements the following operations:

determining a maximum coded value in the acquired
HDR image data; and

processing all coded values in the acquired HDR im-
age data through the first normalization and the max-
imum coded value, a value of the HDR image data
processed through the first normalization has a
range of [0, 1], an equation for the first normalization
is:

N=Spr/(2"-1), N is the value of the HDR image
data processed through the first normalization,
n is a bit depth of image data signal, and Sy pr
is an input HDR signal quantization coded by
PQ.

[0069] Further, the program, when executed by the
processor, implements the following operations:

restoring the HDR image data processed through
the first normalization to linear data before being cod-
ed, an equation for the restoring operation is:

L=(max[(N1/m2)-c1, 0]/(c2-c3NT/m2))/m1 ¢1,
c2, c3, m1 and m2 are constants.

[0070] Further, the program, when executed by the
processor, implements the following operations:

acquiring a peak luminance value of a display; and
converting the HDR image data processed through
the second normalization into the SDR image data
with a format supported by the display based on the
peak luminance value of the display, an equation for
the second normalization is:

Ln=L/cy, ¢, is @ coded value of maximum lumi-
nance of the signal, and L is the linear data be-
fore being coded.
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[0071] Further, the program, when executed by the
processor, implements the following operations:

outputting the converted SDR image data based on
the format supported by the display.

[0072] It should be noted that in this document, the
terms "including", "comprising"”, or any other variant
thereof are intended to cover a non-exclusive inclusion,
thus, a process, method, article, or system that compris-
es a plurality of elements includes not only those ele-
ments but also other elements not specifically listed, or
elements that are inherent to such a process, method,
article, or system. An element defined by the phrase
"comprising a ..." does not exclude the presence of ad-
ditional equivalentelementsin a process, method, article,
or system that includes the element, without further lim-
itation.

[0073] The serial numbers of the embodiments of the
present disclosure are merely for the description, and do
not represent the advantages and disadvantages of the
embodiments.

[0074] Through the description of the above embodi-
ments, it can be clearly understood by those skilled in
the art that the method of the above embodiments can
be implemented by means of software plus a necessary
general hardware platform, and can also be implemented
by hardware, but in many cases, the former is a better
implementation. Based on such understanding, the tech-
nical solution of the present disclosure, which is essential
or contributes to the prior art, can be embodied in the
form of a software product. The computer software prod-
uctis stored on a storage medium (e.g., ROM/RAM, disk,
optical disk) as described above, and includes instruc-
tions for causing a terminal device (e.g., a cell phone,
computer, server, TV, or network device, etc.) to perform
the methods described in various embodiments of the
present disclosure.

[0075] The above are only preferred embodiments of
the present disclosure, and thus do not limit the scope
of the present disclosure. The equivalent structure or
equivalent process transformations made by the present
specification and the drawings are directly or indirectly
applied to other related technical fields, and are included
in the scope of the present disclosure.

Claims

1. A method for converting an HDR image into an SDR
image, characterized in that, the method compris-
es the following operations:

acquiring, by a television terminal, input HDR
image data, and processing, by the television
terminal, the acquired HDR image data through
a first normalization;

linearizing, by the television terminal, the HDR



15 EP 3 637 761 A1 16

image data processed through the first normal-
ization;

processing, by the television terminal, the line-
arized HDR image data through a second nor-
malization; and

converting, by the television terminal, the HDR
image data processed through the second nor-
malization into SDR image data with a supported
format.

The method of claim 1, characterized in that, the
operation of "processing, by the television terminal,
the acquired HDR image data through a first normal-
ization" comprises:

determining, by the television terminal, a maxi-
mum coded value in the acquired HDR image
data; and

processing, by the television terminal, all coded
values in the acquired HDR image data through
the first normalization and the maximum coded
value, a value of the HDR image data processed
through the first normalization has a range of [0,
1], wherein an equation for the first normalization
is:

N=Sypr/(2"-1), N is the value of the HDR
image data processed through the first nor-
malization, n is a bit depth of an image data
signal, and Sypg is an input HDR signal
quantization coded by Perceptual Quantiz-
er.

The method of claim 1, characterized in that, the
operation of "linearizing, by the television terminal,
the HDR image data processed through the first nor-
malization" comprises:

restoring, by the television terminal, the HDR
image data processed through the first normal-
ization to linear data before being coded, an
equation for the restoring operation is:

L=(max[(N1/m2)-c1, 0}/(c2-c3N1/m2))1/m1,
wherein c¢1, c2, ¢3, m1 and m2 are con-
stants.

The method of claim 3, characterized in that, the
operation of "converting, by the television terminal,
the HDR image data processed through the second
normalization into SDR image data with a supported
format" comprises:

acquiring, by the television terminal, a peak lu-
minance value of a display; and

converting, by the television terminal, the HDR
image data processed through the second nor-
malizationinto the SDR image data with aformat
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supported by the display based on the peak lu-
minance value of the display, wherein an equa-
tion for the second normalization is:

Ly=L/c,,, wherein c,, is a coded value of
maximum luminance of the signal, and L is
the linear data before being coded.

The method of claim 4, characterized in that, the
second normalization is configured to normalize the
coded value of maximum luminance of the signal,
for normalizing the obtained value in a range of 0 to
1, and a minimum value is 0 and a maximum value
is 1.

The method of claim 4, characterized in that, the
method further comprises:

converting linear data in an HDR format into lin-
eardatain an SDR format based on a maximum
peak luminance value of the display, and out-
putting SDR signal data, an equation for the con-
verting operation is:

Sgpr=(2M-1)*M*LY/2, wherein
y=1+alog10(Y/1000), Y is the peak lumi-
nance value of the display (cd/m2), a is a
constant, m is a bit depth of an SDR signal,
usually the SDR signal is 8 bits, i.e., m = 8,
and M has a range of 0 to 1 which is pre-
sented as an adjusting curve.

The method of claim 1, characterized in that, after
the operation of "converting, by the television termi-
nal, the HDR image data processed through the sec-
ond normalization into SDR image data with a sup-
ported format", the method further comprises:

outputting, by the television terminal, the con-
verted SDR image data based on the format
supported by the display.

The method of claim 2, characterized in that, after
the operation of "converting, by the television termi-
nal, the HDR image data processed through the sec-
ond normalization into SDR image data with a sup-
ported format", the method further comprises:

outputting, by the television terminal, the con-
verted SDR image data based on the format
supported by the display.

A television terminal, characterized in that, the tel-
evision terminal comprises a memory, a processor,
and a program for converting an HDR image into an
SDR image stored on the memory and executable
on the processor, the program, when executed by
the processor, implements the following operations:
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acquiring input HDR image data, and process-
ing the acquired HDR image data through a first
normalization;

linearizing the HDR image data processed
through the first normalization;

processing the linearized HDR image data
through a second normalization; and
converting the HDR image data processed
through the second normalization into SDR im-
age data with a supported format.

10. The television terminal of claim 9, characterized in

that, the program, when executed by the processor,
implements the following operations:

determining a maximum coded value in the ac-
quired HDR image data; and
processingallcoded valuesin the acquired HDR
image data through the first normalization and
the maximum coded value, a value of the HDR
image data processed through the first normal-
ization has arange of [0, 1], wherein an equation
for the first normalization is:

N=S,pr/(2"-1), N is the value of the HDR
image data processed through the first nor-
malization, n is a bit depth of an image data
signal, and Sypg is an input HDR signal
quantization coded by Perceptual Quantiz-
er.

11. The television terminal of claim 9, characterized in

that, the program, when executed by the processor,
implements the following operations:

restoring the HDR image data processed
through the first normalization to linear data be-
fore being coded, an equation for the restoring
operation is:

L=(max[(N1/m2)-c1, 0]/(c2-c3N1/m2))/m1,
wherein c1, ¢2, ¢3, m1 and m2 are con-
stants.

12. The television terminal of claim 9, characterized in

that, the program, when executed by the processor,
implements the following operations:

acquiring a peak luminance value of a display;
and

converting the HDR image data processed
through the second normalization into the SDR
image data with a format supported by the dis-
play based on the peak luminance value of the
display, wherein an equation for the second nor-
malization is:

Ln=L/c,,, wherein ¢, is a coded value of
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10

13.

14.

15.

16.

maximum luminance of the signal, and L is
the linear data before being coded.

The television terminal of claim 12, characterized
in that, the second normalization is configured to
normalize the coded value of maximum luminance
of the signal, for normalizing the obtained value in a
range of 0 to 1, and a minimum value is 0 and a
maximum value is 1.

The television terminal of claim 12, characterized
in that, the program, when executed by the proces-
sor, implements the following operations:

converting linear data in an HDR format into lin-
eardatain an SDR format based on a maximum
peak luminance value of the display, and out-
putting SDR signal data, an equation for the con-
verting operation is:

Sgpr=(2M-1)*M*LY/2, wherein
y=1+alLog10(Y,/1000), Y is the peak lumi-
nance value of the display (cd/m2), a is a
constant, m is a bit depth of an SDR signal,
usually the SDR signal is 8 bits, i.e., m = 8,
and M has a range of 0 to 1 which is pre-
sented as an adjusting curve.

The television terminal of claim 9, characterized in
that, the program, when executed by the processor,
implements the following operations:

outputting the converted SDR image data based
on the format supported by the display. 16.

The television terminal of claim 10, character-
ized in that, the program, when executed by the
processor, implements the following operations:

outputting the converted SDR image data
based on the format supported by the dis-

play.

A computer readable storage medium, character-
ized in that, the computer readable storage medium
stores a program for converting an HDR image into
an SDR image, the program, when executed by a
processor, implements operations of the method for
converting the HDR image into the SDR image.
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